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RADIOTHERAPY APPARATUS EQUIPPED WITH 
AN ARTICULABLE GANTRY FOR POSITIONING AN IMAGING UNIT 


FIELD OF THE INVENTION 


[0001] The present invention pertains in general to oncology radiation therapy. In 
particular, the invention involves an X-ray and electron radiotherapy machine used in 
radiation treatment applications. 


BACKGROUND OF THE INVENTION 


[0002] The use of linear accelerators for the generation of either electron radiation or 
X-ray radiation is well known. After generating a stream of electrons, components in the 
radiotherapy machine can convert the electrons to X-rays, a flattening filter can broaden 
the X-ray beam, the beam can be shaped with a multileaf collimator, and a dose 
chamber can be arranged at the exit of an accelerator. A detector is mounted and is 
mechanically or electronically scanned synchronously with the mechanically or 
electronically scanned paraxial X-ray beam, providing continuous monitoring of 
alignment of the patient's anatomy. These systems typically provide either static fixed 
field radiation therapy or fully dynamic intensity modulated radiation therapy (IMRT) 
used by the medical community in the treatment of cancer. 
[0003] One of the challenges inherent in radiotherapy treatment is the accurate 
positioning of the tumor in the radiation field. The main sources of the problem result 
from the fact that there is a natural motion of organs inside the body, which can range, 
for example, from approximately a millimeter in the case of the brain inside the skull, to 
several centimeters for the organs in the trunk above the diaphragm. Another factor 
relates to changes which occur in the tumor over time because of successful treatment. 
Over the course of treatment and as the tumor shrinks in volume, normal tissue which 
had been displaced returns to its original position within the treatment volume. 
[0004] To accurately verify tumor positioning, detectors such as X-ray films or 
electronic X-ray imaging systems are commonly used in the radiation treatment 
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diagnostic process. In the case of electronic imaging, the megavolt therapeutic X-rays 
emerging from the patient can be used to generate images. However, these methods at 
target location deliver images of low contrast and insufficient quality. As a result, 
imaging with megavoltage radiation is used primarily for verification, that is to confirm 
that the target volume has been radiated. These problems associated with utilizing high 
energy X-rays produced by a megavolt electron beam are the result of interacting with 
matter mostly due to Compton scattering, in which the probability of interactions is 
proportional to the electron density. Low energy X-rays typically have energies of about 
125 peak kilovolts (kVp) or below, where a significant portion of the interactions with 
matter is photoelectric and the interactions are proportional to the cube of electron 
density. Low energy X-rays are more useful to provide accurate targeting or diagnostic 
information because tissue in the human body is typically of low density and as a result, 
the contrast achieved in low energy X-rays is far superior to that obtained with 
megavoltage X-rays. Therefore, distinctions of landmark features and the imaging of 
other features not perceptible with high energy X-rays are possible using kV energy. As 
a result, two separate imagers, each sensitive to an energy range, i.e. either the 
megavolt source or the kV source are used in treatment. 

[0005] One method taught is to incorporate a low energy X-ray source inside the 
treatment head of the accelerator capable of positioning itself to be coincident with the 
high energy X-ray source. With this approach, a high energy X-ray target is modified to 
include a compact 125 kV electron gun to be mounted to a moveable flange at the base 
of the high energy source with the cathode of the gun operably coupled to the upstream 
end of a drift tube. By engaging an actuator, the electron gun can be provide target 
information for diagnostic imaging. An imager can be used that is sensitive to kV range 
radiation energies and positioned opposite the kV electron gun with the target volume in 
between. Therapeutic treatment can then be started or resumed by positioning the 
high-energy or megavolt electron beam trajectory to be in line with the target volume. A 
second imager is positioned opposing the megavolt source that is more sensitive to the 
radiation energy used in the therapeutic and verification procedure. 
[0006] FIGS. 1 A & 1 B are illustrations of a radiotherapy clinical treatment machines 
to provide therapeutic and diagnostic radiation, each directed to a different imager. 
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FIG.1 A is an illustration of the radiotherapy machine having a single diagnostic X-ray 
source directed to a single imager. The radiotherapy machine has a therapeutic 
radiation source directed to a therapeutic imager along a first axis and the diagnostic X- 
rays are directed to the second imager along an axis that is 90 2 from the first axis. This 
apparatus places the therapeutic radiation source capable of propagating radiation in 
the megavoltage (MV) energy range and the kilovoltage (kV) diagnostic radiation source 
on different support structures. Each radiation source has an imager opposing that is in 
line to the respective radiation source along an axis. 

[0007] FIG. 1 B is an illustration of the radiotherapy machine having dual diagnostic 
X-ray sources, each directed to a separate diagnostic imager. The radiotherapy 
machine has a therapeutic radiation source capable of propagating a therapeutic 
radiation beam along an axis to a therapeutic imager. Attached to support structures 
are two diagnostic radiation sources that can propagate diagnostic X-rays at off-angles 
from the therapeutic radiation axis. Each radiation source as an imager in line to 
receive the radiation. The entire structure of radiation sources and imagers can be 
pivoted together by a common base. 

[0008] Cancer patients usually need to lie on their backs for radiation treatment and 
the patient's anatomy can shift markedly from supine to prone positions. In order to 
irradiate the target volume from different directions without turning the patient over, 360- 
rotation of the support structure holding the radiation source is needed. For 
convenience in setting up the patient, the isocenter around which the equipment rotates 
should not be too high above the floor. Adequate space must be provided between the 
isocenter and the radiation head for radiation technologist access to the patient and for 
rotation clearance around the patient. This leaves a quite limited amount of space for 
the various components such as the radiation shielding in the radiation head, and 
particularly for the magnet system. To a significant extent, the design challenge over 
the years has been to stay within this space, to reduce cost where possible, and while 
making major advances in the clinical utility of machines. 
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SUMMARY OF THE INVENTION 


[0009] A radiotherapy clinical treatment machine can have a therapeutic radiation 
source on a first pivotable gantry. A second pivotable gantry can have a single imager 
mounted on an articulable end of the second gantry and a diagnostic radiation energy 
source can be mounted on a retractable opposing end of the second gantry. The first 
gantry and the second gantry may pivot on a common centerline. The imager can be a 
multiple-energy imaging unit which can be naturally in line with the diagnostic radiation 
source or the second gantry can pivot to place the multiple-energy imaging unit in line 
with the therapeutic radiation source. Pivoting the second gantry may require the 
diagnostic radiation source first be retracted to provide clearance where it rotates past 
the therapeutic radiation energy source. 

[001 0] This arrangement for positioning the multiple-energy imaging unit to be in line 
with either one of the radiation sources can provide improved imaging useful in directing 
the treatment beams used in radiation therapy. A first energy level in the kV range can 
radiate a target volume to provide diagnostic quality image information from the 
multiple-energy imaging unit. The diagnostic information can be used to better direct 
radiation at a second energy level in the MV range for therapeutic radiation of the target 
volume and from which verification information from the multiple-energy imaging unit 
can then be acquired. The second gantry can pivot, extend/retract, and/or articulate to 
receive diagnostic radiation or therapeutic radiation. The application of therapeutic 
radiation and diagnostic radiation can alternate in any combination to provide diagnostic 
imaging and verification imaging as a result of the degrees of freedom available to 
position the single multiple-energy imaging unit. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[001 1] The present invention is illustrated by way of example and not limitation in the 
figures of the accompanying drawings, in which like references indicate similar elements 
and in which: 

[0012] FIG. 1 A is an illustration of the radiotherapy machine having a single 
diagnostic X-ray source directed to a single imager. 

[0013] FIG. 1B is an illustration of the radiotherapy machine having dual diagnostic 
X-ray sources, each directed to a separate diagnostic imager. 
[001 4] FIG. 2A is an illustration of a radiotherapy clinical treatment machine in one 
embodiment using a multiple-energy imaging unit. 

[001 5] FIG. 2B is an illustration of an alternate embodiment of the radiotherapy 
clinical treatment machine using the multiple-energy imaging unit. 
[0016] FIG. 3A is an illustration in one embodiment of the starting position for the 
radiotherapy clinical treatment machine. 

[0017] FIG. 3B is an illustration in one embodiment of a diagnostic radiation source 
in use. 

[001 8] FIG. 3C is an illustration in one embodiment of the diagnostic radiation source 
providing multiple-slices of a target volume. 

[0019] FIG. 3D is an illustration in one embodiment of a therapeutic radiation source 
providing radiation to the target volume. 

[0020] FIG. 3E is an illustration in one embodiment of the therapeutic radiation 
source rotated to a new position to provide radiation to the target volume. 
[0021] FIG. 3F is an illustration in one embodiment of another rotation of the first 
gantry and dose of therapeutic radiation applied to the target volume from another 
position. 
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DETAILED DESCRIPTION 


[0022] A method and apparatus for a radiotherapy clinical treatment machine for 
positioning an imager to oppose one or more radiation sources is disclosed. For 
purposes of discussing the invention, it is to be understood that various terms are used 
by those knowledgeable in the art to describe apparatus, techniques, and approaches. 
[0023] In the following description, for purposes of explanation, numerous specific 
details are set forth in order to provide a thorough understanding of the present 
invention. It will be evident, however, to one skilled in the art that the present invention 
may be practiced without these specific details. In some instances, well-known 
structures and devices are shown in gross form rather than in detail in order to avoid 
obscuring the present invention. These embodiments are described in sufficient detail 
to enable those skilled in the art to practice the invention, and it is to be understood that 
other embodiments may be utilized and that logical, mechanical, electrical, and other 
changes may be made without departing from the scope of the present invention. 
[0024] In one embodiment, a method and apparatus is disclosed for an X-ray and 
electron radiotherapy clinical treatment machine. The apparatus and method can 
position and re-position a single imager to receive radiation from more than one 
radiation source. Imagers can generally provide high quality imaging from one radiation 
energy range and less quality imaging from other radiation energy ranges and such an 
imager can be incorporated into this invention. However, in this embodiment, the 
imager can be capable of receiving and displaying high quality imaging information from 
multiple energies (multiple-energy imaging unit). One of the energies can be a source 
of therapeutic energy and another a source of diagnostic X-rays, both of which can 
alternately activate the multiple-energy imaging unit for high quality verification imaging 
and high quality diagnostic imaging respectively. The radiotherapy machine can 
generate an electron beam, generally in the 4 to 25 megavolt (MV) range, to provide 
electrons or X-rays to a volume within a patient undergoing treatment, i.e. a target 
volume. The multiple-energy imaging unit can display radiographic information from the 
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megavolt radiation sufficient to provide verification that the target volume is being 
radiated. 

[0025] This single multiple-energy imager can also be optimized to work with energy 
in the kilovolt (kV) range. The multiple-energy imaging unit can receive X-rays in the kV 
range to provide more accurate diagnostic information on the size, shape, and location 
of the target volume. Repeated X-ray shots with kV energy that alternate with 
therapeutic radiation can reduce target error such as by directing a continuous 
adjustment of the beam shaping by a dynamic multileaf collimator and by providing 
targeting information to the therapeutic radiation source. 

[0026] The diagnostic radiation source can be rotated about the target volume for 
CT single or multiple CT images using a fan x-ray beam, or by using a cone x-ray beam 
where volumetric information can be constructed. Also, if a partial data set is acquired 
from a limited number of images taken at specific angles around the target volume, 
enough information can be obtained with the help of previously acquired volumetric 
information to provide the 3D reconstruction of the anatomy of interest. As a result, 
imaging from the diagnostic X-rays can provide targeting information to accurately direct 
the therapeutic X-rays to the target volume from any angle while effectively excluding 
healthy tissue from injury. Furthermore, the diagnostic source can be operated either 
in a continuous or pulsed manner to provide a real time or quasi-real time fluoroscopic 
image of moving internal anatomy. This fluoroscopic image can be used to provide 
information to track the motion of anatomy being treated. Normal respiration or 
unwanted voluntary or involuntary patient movement may cause such motion. This 
motion tracking information can in turn be used to adjust treatment parameters or gate 
the treatment beam off and on such that the anatomy intended to be treated is always in 
the intended position within the treatment beam. 

[0027] FIG. 2A is an illustration of one embodiment of an imager positioning gantry 
on a radiotherapy clinical treatment machine where the imager can be a multiple-energy 
imaging unit. As shown in FIG. 2A, the radiotherapy clinical treatment machine 200 can 
have an imager positioning gantry to position the multiple-energy single imager to 
oppose one or more radiation sources. A therapeutic radiation source 202 and a 
diagnostic radiation source 204 can be positioned on separate arms (gantries), 206 and 
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208, where one arm (second gantry) 208 is nestled within the other (first gantry) 206, 
and with both arms 206 and 208 on a common pivot axis 21 0. The two arms 206 and 
208 can pivot 210 independently and in addition, the inner arm (second gantry) 208 can 
extend and retract the diagnostic radiation source 204 for positioning and clearance. 
The therapeutic radiation source 202 can be positioned on the first arm (first gantry) 206 
which can be pivotally attached to a vertical stand or base 216 to allow an effective 360 5 
rotation of the therapeutic radiation source 202 about the target volume 224. 
[0028] The imager can be a multiple-energy imaging unit and can be attached to the 
inner arm (second gantry) 208 at the end opposite from the diagnostic radiation source 
204. The inner arm end 220 attached to the multiple-energy imaging unit 212 can 
articulate the multiple-energy imaging unit 212 into alignment with either radiation 
source 202 or 204. Attached to the second gantry 208, the multiple-energy imaging unit 
212 is in natural alignment to receive radiation from an extended diagnostic radiation 
source 204. Fine adjustments to place the multiple-energy imaging unit into alignment 
with and at the proper distance from the radiation source 202 or 204 are also 
accomplished with the articulating portion of the second gantry 220. Alternately, the 
diagnostic radiation source 204 can be retracted for clearance so that the inner arm 208 
can rotate and the multiple-energy imaging unit 212 articulate until the multiple-energy 
imaging unit 212 is in alignment to receive radiation from the other radiation source 202 
or 204. 

[0029] The first gantry 206 and the second gantry 208 can have a "C" shape (C-Arm) 
and the second gantry 208 can have a smaller radius of curvature and be nestled within 
the first gantry 206. The diagnostic X-ray source 204 can be mounted on one end 218 
of the second gantry 208 and the multiple-energy imaging unit 212 to oppose on the 
other end 220. The radiation source end 21 8 of the second gantry 208 can extend or 
retract the diagnostic X-ray source 204 to provide clearance around the therapeutic 
radiation geometry (head) 222 on the first gantry 206. The diagnostic X-ray source 204 
can also be extended and retracted, along with second gantry 208 rotation, to place the 
diagnostic X-ray source 204 in positions about the target volume 224. The articulating 
end 220 can be attached to an opposite end 220 of the second gantry C-arm 208 to 
hold and position the multiple-energy imaging unit 212. In one embodiment, the 
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articulating end 220 can pivot at three points 226, 227, and 228 the multiple-energy 
imaging unit 212 along two independent axes 230 in a plane. The articulating end 220 
can contain any number of pivot points from single plane pivots to ball joints having 360 
degrees of rotation for positioning the multiple-energy imaging unit. The translatable 
230 portion of the articulating joint can be a set of sliding mechanisms that include 
gears and motors which are well known to one skilled in the art. The result of such 
articulation can be to place the multiple-energy imaging unit in alignment with, and at a 
distance from, either of the radiation sources 202 and 204 with the target volume 224 
positioned in between. Further, the articulating end 220 can retract to position the 
multiple-energy imaging unit 212 ' into a stowed position. 

[0030] FIG. 2B is an illustration of an alternate embodiment of the radiotherapy 
clinical treatment machine using the multiple-energy imaging unit. As shown in FIG. 2B, 
the therapeutic radiation source 202 and the diagnostic radiation source 204 can be 
positioned adjacent to each other and attached at the same end of the first gantry 206. 
The first gantry 206 can rotate about pivot axis 210 to position either the therapeutic 
radiation source 202 or the diagnostic radiation source 204 into alignment about the 
target volume 224. The second gantry, an inner arm 209, can be attached to the pivot 
axis 210 with an opposite end 227 attached to the articulating multiple-energy imaging 
unit 212. The multiple-energy imaging unit 212 can be rotated and articulated until 
alignment with either radiation source 202 or 204 is achieved, maintaining the target 
volume 224 in between. 

[0031] FIGS. 3A - 3E illustrate the operation of one embodiment of the radiographic 
clinical treatment machine. FIGS. 3B -3E retain the target volume 324 but have the 
patient outline 303 removed for clarity. FIG. 3A is an illustration of a starting position for 
the radiotherapy clinical treatment machine. A couch 301 can place a patient 303 in a 
starting position. The patient 303 can contain a volume within the body that constitutes 
the targeted volume 324. The first gantry 306 can be in an upright position, and the 
second gantry 308 can be upright with the diagnostic radiation source 304 in a retracted 
position. The multiple-energy imaging unit 312 can be unstowed and positioned beneath 
the couch 301 . 
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[0032] FIG. 3B is an illustration of the diagnostic radiation source in use. The 
second gantry 308 can first rotate to provide clearance for the diagnostic radiation 
source 304 from the therapeutic radiation source 302. Once the diagnostic radiation 
source 304 is clear, the second gantry 308 can further rotate and extend the diagnostic 
radiation source 304 to be in alignment with the target volume 324 and maintain 
clearance between interfering geometries, i.e. 302 and 304. The multiple-energy 
imaging unit 312 can be further articulated and the couch 301 translated and raised or 
lowered until a proper alignment and distance is set relative to the target volume 324. 
When in position, the diagnostic radiation source 304 can direct an X-ray beam to the 
target volume 324 and then to the multiple-energy imaging unit 312. 
[0033] FIG. 3C is an illustration of the diagnostic radiation source providing another 
X-ray view of the target volume (not shown) at a new position. The diagnostic radiation 
source 304 and the multiple-energy imaging unit 312 can be rotated together by rotating 
any combination of either the first gantry 306 or the second gantry 308 to provide 
multiple X-ray views at different angles that can be assembled to generate 3- 
dimensional images of the target volume. 

[0034] FIG. 3D is an illustration of the therapeutic radiation source providing 
radiation to the target volume. After target volume definition has been provided by the 
diagnostic radiation step, the diagnostic radiation source 304 can be retracted for 
clearance and the second gantry 308 rotated until the multiple-energy imaging unit 312 
opposes the therapeutic radiation source 302. The therapeutic radiation source 302 
can be positioned to radiate the target volume 324 based on information gained from 
the diagnostic radiation step. At this point, the target volume 324 can receive a 
therapeutic dose of radiation and the multiple-energy imaging unit 312 can generate 
verification data from this same radiation. 

[0035] FIG. 3E is an illustration of the therapeutic radiation source rotated to a new 
position to provide radiation to the target area 324. The first gantry 306 can be rotated, 
along with the multiple-energy imaging unit 312, to reposition the therapeutic radiation 
source 302 to radiate the target volume 324 from the new angle. 
[0036] FIG. 3F is an illustration of another rotation of the first gantry 306, and the 
multiple-energy imaging unit 312, to generate another dose of therapeutic radiation to 
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the target volume 324 from yet another position. With each new position of the 
therapeutic radiation source 302, the multiple-energy imaging unit 312 and the couch 
301 can be repositioned, new diagnostic imaging performed and another dose of 
therapeutic radiation initiated. 

[0037] It is to be appreciated that, with this apparatus to position a single imager, it is 
possible to alternate therapeutic radiation with diagnostic radiation in several ways. In 
one method, the diagnostic radiation can provide imaging of a 2-dimensional nature. 
For therapeutic targeting, the therapeutic radiation source may be required to position 
itself at the same axis used by the diagnostic radiation source. In other methods, when 
multiple slices are taken or when using imaging data from a cone beam, a 3- 
dimensional construction is possible of the target area and therapeutic radiation can be 
targeted from any axis angle as a result. 

[0038] In one embodiment, radiation at a first energy level can radiate a target 
volume along a first axis to provide diagnostic information to a multiple-energy imaging 
unit. Diagnostic information from the multiple-energy imaging unit can direct radiation at 
a second energy level along a second axis to provide therapeutic radiation to the target 
volume and verification information to the multiple-energy imaging unit. The first energy 
level can be in the kV energy range and the second energy level can be in the MV 
energy range. At any time during treatment, the first axis of radiation and the second 
axis of radiation can be the same or different. Diagnostic radiation and therapeutic 
radiation can alternate in any combination to provide diagnostic imaging and verification 
imaging by a single multiple-energy imaging unit for the overall radiation therapy of one 
or more target volumes. 

[0039] The accuracy of diagnostic information can be improved by placing internal 
seeds to act as markers for the target volume. Placement of these markers can be 
accomplished by performing a needle biopsy. This is a commonly performed procedure 
normally required to gain tumor grading information needed to plan the therapy. These 
markers can provide higher contrast for the multiple-energy imaging unit for some 
tissues that might otherwise be difficult or impossible to discern. This can determine a 
more accurate location of the target volume and/or edges of the target volume. Marker 
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data can be stored and recalled later to provide anatomical landmark definition to 
enhance position information on target volume during radiotherapy. 
[0040] The multiple-energy imaging unit is a common portal imager capable of 
receiving radiation from the two radiation sources, each having a different energy level 
or range. One radiation source can provide energy in the megavolt range for treatment 
(therapeutic) and coarse target or verification information while the other radiation 
source can provide energy in the kilovolt range for determining a more precise location 
of target volumes (diagnostic) for periodically directing the megavolt energy source. The 
multiple-energy imaging unit can be a flat-panel amorphous silicon (a-Si) portal imaging 
device. A-Si flat-panel imagers can consist of a two-dimensional array of imaging pixels 
which are configured as photodiodes. 

[0041] A multiple-energy imaging unit can display results from radiation from either a 
higher energy source, such as, for example, as used in therapeutic treatment or from 
radiation by a lower energy source such as, for example, as used in diagnostic 
purposes. A-Si imagers convert the optical signal from the overlaying phosphor, which 
acts together with a thin metal plate as an x-ray detector, to charge and store that 
charge on the pixel capacitance. To form an image, the charge on the pixels is read out 
line by line. Multiple-energy a-Si imagers may use a conversion screen design within 
the imager for multiple energy data unit collection from the two radiation sources. This 
specialized design can result in different spectral efficiency detection. One design is to 
use two or more conversion screen/a-Si detector layers, one on top of the other with a 
combined filter/grid design. Each screen layer will produce an image data unit for a 
particular radiation energy. One embodiment of a multiple-energy imaging unit, as 
discussed in US patent application titled "X-Ray Image Acquisition Apparatus", filed 
November 2, 2001 , and assigned with this application to a common owner at the date of 
filing, hereby incorporated by reference, may be used. Alternatively other imaging units 
may be used. 

[0042] With this invention, the multiple-energy imaging unit can receive kV radiation 
that passes through the target volume. The multiple-energy imaging unit can then 
provide detailed location information for targeting by the therapeutic radiation source. 
During the application of therapeutic radiation, the multiple-energy imaging unit can be 
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repositioned to receive megavoltage energy to provide verification information. A single 
imager can reduce the amount of space taken up in the treatment area by elements of a 
radiotherapy machine. In addition, a single imager can reduce cost and complexity for 
an overall IMRT system. 

[0043] Thus a method and apparatus for a radiotherapy clinical treatment machine 
having a single imager attached to a pivotable and articulable gantry have been 
described. Although the present invention has been described with reference to specific 
exemplary embodiments, it will be evident that various modifications and changes may 
be made to these embodiments without departing from the broader spirit and scope of 
the invention as set forth in the claims. Accordingly, the specification and drawings are 
to be regarded in an illustrative rather than a restrictive sense. 
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